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Abstract

Continuous Monitoring and Display of Emergency Department Patient Flow
and Waiting Times: A Method to Reduce Overall Length of Stay. Martin Rossip
(Sponsored by Richard Nierenberg). Section of Emergency Medicine, Department of
Surgery, Yale University School of Medicine, New Haven, CT.

Insofar as long waiting times and overcrowding in urban emergency
departments contribute to inaccessibility of health care for a large and vulnerable
population, this study attempts to determine whether it is possible to reduce patient
waiting times and length of stay in the emergency department through the use of a
patient tracking system which provides real-time display of patient status and process
durations. Software based on continuous quality improvement techniques was used as
a data collection and display tool to test this hypothesis.
The study population consisted of all patients seen in one section of the
emergency department (ED) at Yale-New Haven Hospital during the study period,
which was divided into three equal time segments. Total length-of-stay for 467
patients were prospectively tracked for eighteen days. The control group consisted of
those patients (n=169) seen during the first six day segment, with patient information
and triage time displayed using a conventional dry-erase marking board. The
intervention group consisted of those patients (n=150) seen during the second six-day
segment, during which a computer monitor was conspicuously placed adjacent to the
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existing dry-erase board. The monitor displayed the same columns as the dry erase
board, but added two items: the current status of each patient and the time spent
waiting within that status.

In addition, the software automatically alerted staff when

waiting time exceeded a pre-determined interval by highlighting the patient’s status in
red. During the third six-day segment, the monitor was removed and a second control
group (n=148) was tracked, again using only the standard dry-erase board. Waiting
times and overall length of stay were compared for each study period.

Average length of stay for segments 1, 2, and 3 were 270.3, 240.7, and 280.6
minutes respectively.

Length of stay decreased during the intervention period by

10.95% (p<0.05). Following removal of the intervention, length of stay increased by
16.58% (p<0.05). Overall, the weighted mean reduction of length of stay associated
with the intervention was 12.5% or 34.4 minutes.

The study supports the conclusion that real-time display and monitoring of
patient status and waiting times decreases overall ED length of stay. The hypotheses
that heightened caregiver awareness of patient waiting times alters caregiver task
management habits resulting in a reduction of overall time spent in the ED was also
supported by the study.
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Introduction
Overview of the problem

The literature concerning issues of emergency department overcrowding,
patient flow, and quality of emergency care frequently cites long delays in receiving
emergency treatment as a primary reason for patient dissatisfaction with their ED
experience1’2 3. Long delays are also an important predictor of a patient’s decision to
leave against medical advice and to leave prior to being evaluated4’5, often resulting in
preventable adverse outcome6,7. Reasons given for ED overcrowding include
undersupply of inpatient beds, nurses, preventive care, and reimbursement dollars, or
oversupply of patients afflicted with AIDS, psychiatric illness, substance abuse, and
poverty8,9,10. In addressing these, it is important to distinguish between delays
secondary to clearly inadequate resources and delays secondary to adequate resources
suboptimally utilized. Attribution of excessive waiting times to enduring social
problems shifts responsibility for improving quality of emergency care away from the
ED and onto society as a whole, with little likelihood for prompt correction.
Further, a variety of factors can influence patient’s subjective reporting of
excessive waiting times as a reason for dissatisfaction: In addition to the actual
measured waiting time, factors which can enhance patient’s perception of delay
include patient inactivity, the length of time between each staff-patient contact,
language barriers, patient fear, pain, and anxiety, and the degree to which each patient
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is kept informed of their current condition and plan of care. Angry, frustrated patients
are like dissatisfied customers, telling their friends, family, and coworkers about their
bad experiences.11 Yet, while these factors can be ameliorated somewhat by
encouraging more frequent staff /patient communication, such measures do not
produce any real reductions in length of stay.
In 1993, there were 97.4 million ED visits in the United States12. It is highly
likely that every one of us will visit an ED multiple times in our lives. Timeliness of
treatment is one of the primary missions of emergency medicine and is acknowledged
as an important indicator of quality of care1'. Excessive waiting times can be equated
with poor quality care.

Use of CQI methods to measure and direct improvements in quality
Continuous quality improvement (CQI), a management methodology which
has received intense scrutiny in industry, has proven successful in its use of process
analysis to improve customer/staff satisfaction, increase market share/profitability, and
accomplish long-term performance objectives. In the healthcare industry, a number of
examples exist where CQI techniques have been successfully used to measurably
advance the quality of patient care14. CQI relies in part upon data collection and
statistical analysis to stratify the interactions between processes and clarify both
assignable and chance causes of variance within those processes. The disassembly of
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any given process into component sub-processes allows for cycles of appropriately
targeted intervention and reassessment.
Emergency department function can be viewed as a series of interactive
processes progressing from chief complaint to diagnosis to treatment/disposition.
For any given major process (such as obtaining an x-ray, for example), an in-depth
analysis can yield dozens, if not hundreds, of component sub-processes15. In the
process diagram example shown in figure 1, a scan for apparent design deficits might
point to the lack of a mechanism by which the ordering physician is notified that x-ray
results are available. A further analysis of mean sub-process durations might show
that elapsed time to complete the entire process doubles if the patient is placed on
“hold”. A process can often involve interfaces with other departments and services
both within the immediate hospital system (i.e. labwork, medical records, pharmacy,
consultants, transporters, supplies, etc.) and externally — throughout what is now
commonly referred to as the community health network (i.e., EMS, private MD, social
services, family members, insurers, etc.). In classical CQI, it is the elucidation and
measurement of these processes and sub-processes that allows for improvement, using
a repeating sequence whereby an improvement is planned, changes are implemented,
results are measured, and refinements are made based on those results. This study
uses CQI concepts in that ED patient flow was broken down into a number of major
processes (see table 1) and that elapsed time data regarding process durations were
collected and used to provide continuous feedback on patient flow. The study
operated under two principles: 1) that ED staff are fundamentally motivated to
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provide rapid and high quality patient care, and 2) that real-time feedback regarding
patient waiting times and process delays would therefore, if only it were available,
enable staffmembers to manage patient flow more efficiently.

Uses of data display to alter patient management
Using data to enhance awareness of patient care details can have significant
effect on patient management and practice patterns16. For example, it has been shown
that displaying the cost of various antibiotics at the time of ordering influences
antibiotic selection with a reduction of overall cost17,18. Using the same idea, this
study had the secondary purpose of documenting that readily available and inexpensive
technology now exists that can generate measurable improvements in the timeliness of
emergency care provided. This could potentially have a substantial beneficial impact
on urban health in general and on overcrowded emergency departments in particular.

Current uses of patient tracking systems in emergency departments
Commercially available patient tracking systems have had limited acceptance
due to the difficulty and expense of integrating multiple incompatible pre-existing
hospital systems19. The tracking systems that do exist are proprietary products and
have not been academically evaluated for their ability to improve patient care either
through decreased waiting times or through any other measure. Also, existing systems

Page 9

artificially assume that patients can only be waiting for one event at a time (linear
process flow), when in reality patients are almost always progressing through multiple
processes simultaneously (multithreaded process flow). For example, a patient may be
simultaneously waiting for lab results, a head CT, a neurology consultation, and a
callback from the patient’s private MD before a disposition decision can be made.
Tracking the critical path which eventually determines total ED length of stay in this
situation is irrelevant in the absence of time data on the other intervening processes.
Finally, such systems frequently focus on competing functions (i.e. billing, claims
filing, medicolegal documentation) in order to justify their cost20. Timeliness of care
consequently becomes a secondary priority, in large part because the benefits of
prompt treatment are often difficult to quantify in dollars21. The result is often a
complicated user-interface, and entering patient tracking data therein becomes
unpalatable to the clinical staff who must use the system22,23.
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Statement of Purpose
In summary then, given 1) the problem of poor quality resulting from excessive
patient waiting times, 2) the ability of computers to collect, process, and display large
amounts of waiting time data, 3) the applicability and value of CQI statistical
techniques to facilitate quality improvements, and 4) the prior successes of using data
display to alter patient management, this study was thus undertaken to test the
hypothesis that caregiver awareness of patient status and waiting times by means of a
continuous real-time display would alter caregiver task management habits and result
in a reduction in ED patient waiting times and overall length of stay.
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Methods
Study Design
This was an intervention study employing an A—B—A format. In other words,
a baseline control group was first evaluated, followed by an intervention group, which
was then followed by a final control group. Total length of stay in the ED for 467
patients was prospectively tracked. The study population consisted of all patients
seen in one section of the emergency department at Yale-New Haven Hospital during
an eighteen day study period, which was divided into three equal time segments. The
control group consisted of those patients(n=169) seen during the first six day segment,
with patient information and triage time displayed using only a standard dry-erase
board. The intervention group consisted of those patients (n=150) seen during the
second six-day segment, during which a computer monitor was prominently placed
adjacent to the existing dry-erase board. The monitor displayed the same information
as the dry erase board, but added two items: each patients current status and the
waiting time within that status.

In addition, the software automatically alerted staff

when waiting time exceeded a pre-determined interval by highlighting the patient’s
status in red. During the third six-day segment, the monitor was removed and a
second control group (n=148) was tracked, again using the standard dry-erase board
method. Waiting times and overall length of stay were compared for each study
period.
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The study’s aims and hypothesis were not disclosed to any ED staff. On
inquiry, the display was explained as a possible upgrade to the existing manual dryerase board.

Those responsible for direct patient care at the study site include a

variety of nurses, physician associates, interns, and residents. Each patient’s plan of
care, including tests ordered, consults called and admission/discharge decisions are
supervised by an ED attending physically present at the site.

Anatomy of an Emergency Department Visit
The most elementary process analysis of an ED visit can be diagrammed as
shown in figure 2. In this generic model, patients present, are triaged, then undergo
cycles of clinical data collection and reassessment until a diagnosis, plan, and
disposition decision can be made. Depending on the level of detail depicted, such
models of patient flow can vary significantly between ED’s in any two institutions.
For this study, 64 major processes were targeted for tracking (table 1). The scope of
each major process was predefined in terms of starting point and endpoint to ensure
consistent elapsed time data. As an example, the status “Discharged” was defined as
the process beginning when the decision to discharge was made and ending when the
patient had physically exited the ED. The status “Awaiting Initial MD Evaluation”
was defined as the process beginning when the patient first arrived in the treatment
area and ending when the physician had enough information to decide on a plan for
either treatment, further evaluation, or discharge. It is important to recognize that the
scope and duration of each major process may be affected by sub-processes which are
not specifically tracked and which are only marginally related to the name of of the
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parent process. For example, elapsed time recorded for the “Awaiting Initial MD
Eval” process could include any time spent waiting for a particular exam room to be
available or time spent procuring a foreign language interpreter if needed. The
contribution of such sub-processes to total length of stay are more appropriately
analyzed only if the major process under which they fell were later targeted for more
focused CQI effort.

Description of the displays
The manual dry-erase board (Magnatag Products Pandaboard, Macedon, NY)
and the computer display were centrally positioned in the ED as shown in figure 3.
The dry-erase board measured 72 inches wide by 48 inches high and regularly used 7
data fields. For example:
Bed

Triage

Lastname

MD

RN

Chief

Notes

complaint

time
1

1610

Jones

Sue

DL

Abd pain

2

1452

Smith

RA

DL

HA/fever

3

1335

Doe

Sue

JM

Chin lac/EtOH

needs UA
bac=211 (3) 1415

etc.

The automated display used a 20” color monitor which had a viewable screen area
measuring 15.5 inches wide by 11.0 inches high, displaying the following data fields:
Bed

Triage

Lastname

MD

RN

time

Chief

Status

Since

Notes

needs UA

complaint

1

1610

Jones

Sue

DL

Abd pain

Awaiting X-Ray

1640

2

1452

Smith

RA

DL

HA/fever

Awaiting lab results

1525

3

1335

Doe

Sue

JM

Chin lac/EtOH

Discharged

1607

etc.
Current time:

1658

bac=211 (ft), 1415
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Note the two additional columns in this display. The “Status” column tells the
viewer what the patient is currently waiting for while the “Since” column displays the
time when the patient began waiting for that process (i.e. status) to complete. Each
process was configured with a specific “alert time”, which was the number of minutes
a patient should be allowed to wait in any particular status. If the alert time was
exceeded, the patient’s status column entry would change color from black to red.
Thus a quick glance at the display to check for any red entries immediately identified
those patients whose flow through the ED was impeded in some way or was otherwise
slower than anticipated.

Data Collection and Analysis
For all three study segments, length of stay was calculated from the difference
between the triage time as recorded by the triage nurse and the time when the patient
was observed to physically exit the department. For the two control groups, the ED
exit time and calculated total length of stay was gathered from the patient log sheet as
recorded by the unit secretary. Collection of this data for all patients has been
standard procedure over the past three years in this ED. For the intervention group, a
timestamped event record was generated each time a patient completed or began a
new process. Observation of a patient’s final exit from the ED was treated as a
distinct event by the software.

Statistical analysis involved determining the significance of the observed
difference between the mean length of stay values of the three study groups. For
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continuous data, the t-test is an appropriate test of statistical significance, assuming the
data are normally distributed. Histograms were thus plotted for the populations in
each study segment to verify that length of stay data maintained rough conformation
with a normal distribution around the means.
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Results
Average length of stay for both admitted and discharged patients during
segments 1, 2, and 3 were 270.3, 240.7, and 280.6 minutes, respectively. Length of
stay decreased during the intervention period by 29.6 minutes, 10.95% (p<0.05 by
two-tailed t-test). Following removal of the intervention, length of stay increased by
39.9 minutes, 16.58% (p<0.05). Overall, the weighted mean reduction of length of
stay associated with the intervention was 12.5% or 34.4 minutes.
For admitted patients only, mean length of stay for segments one to three were
313.7, 283.9, and 325.1 minutes, respectively, decreasing by 29.8 minutes (9.50%)
and then increasing by 41.2 minutes (14.51%) when the intervention was removed
(p<0.05).
For discharged patients, mean length of stay for segments one to three were
255.5, 219.1, and 246.8 minutes, respectively, decreasing by 36.4 minutes (14.25%)
and then increasing by 27.7 minutes (12.64%) when the intervention was removed
(p<0.05).

Cohort 1 - Control

Length of Stay Distribution Analysis
Discharges
Admissions
All
169
126
43
100.0%
74.6%
25.4%
270.3
255.5
313.7
253.0
237.5
295.0
128.6
143.0
144.7

No. of patients
Pet of patients
Mean length of stay (min)
Median length of stay
Standard deviation

Bin
30
80
130
180
230
280
330
380
430
480
530
580
630

Freq
1
11
21
18
20
29
18
12
17
6
5
4
6

Histogram
Cohort 1 - Control

□ Frequency

JR

§

^

8

Cohort 2 - Intervention Group
No. of patients
Pet of patients
Mean length of stay (min.)
Median length of stay
Standard deviation

Bin
35
90
145
200
255
310
365
420
475
530
585
More

Freq
1
14
20
23
33
19
17
11
7
3
1
1

s

CM

Length of Stay - All Patients (minutes)

Length of Stay Distribution Analysis
Discharges
Admissions
All
50
150
100
33.3%
100.0%
66.7%
219.1
283.9
240.7
201.0
268.0
228.0
95.8
117.9
122.0

Histogram
Cohort 2 - Intervention Group

0 Frequency

Length of Stay - All Patients (minutes)
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Cohort 3 - Control

Length of Stay Distribution Analysis
Admissions
All
Discharges
No. of patients
84
64
148
Pet of patients
100.0%
56.8%
43.2%
Mean length of Stay (min.)
280.6
246.8
325.1
Median length of stay
265.0
232.5
300.0
Standard deviation
137.5
139.5
125.9

Bin Freq
34
0
68
1
102
7
136
15
170
9
204
19
238
12
272
16
306
17
340
10
374
10
408
4
442
5
476
9
510
8
544
2
578
1
612
1
646
0
680
0
714
1

Histogram
Cohort 3 - Control

□ Frequency

Length of Stay - All Patients (minutes)
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Summary of Results
Number of patients
Number of patients admitted
Number of patients discharged

Cohort 1
Control
169
43
126

Cohort 2
Intervention
150
50
100

270.3
313.7
255.5

240.7
283.9
219.1

Mean length of stay for all patients (in minutes)
Mean length of stay for admitted patients
Mean length of stay for discharged patients

Cohort 3
Control Total
467
148
64
157
84
310
280.6
325.1
246.8

SI Cohort 1 - Control
■ Cohort 2 - Intervention
E3 Cohort 3- Control

Minutes

Mean Length of Stay

All patients

Admitted patients

Discharged patients
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Discussion
The study supports the conclusion that real-time display and monitoring of
patient status and waiting times decreases overall ED length of stay. The hypotheses
that heightened caregiver awareness of patient waiting times alters caregiver task
management habits resulting in a reduction of overall time spent in the ED was also
supported by the study. Further, the A--B--A design lent additional support to the
notion that it was in fact the intervention which produced the results rather than an
underlying trend of improvement — since the reduction in length of stay disappeared
once the intervention was withdrawn. The corollary conclusion , i.e., that witholding
the display of waiting time data results in an increased length of stay can also be
made.
One clear observation shown by the results is that length of stay was
consistently longer for patients being admitted than for patients being discharged. A
concern arising from this finding was that if the groups had significantly dissimilar
ratios of discharged to admitted patients, then they would not be comparable groups
for the purposes of this study. The ratio of discharged to admitted patients for
segments one, two and three were 2.9:1, 2.0:1 and 1.3:1, respectively. If these ratio
differences were indeed significant, then one would expect to see a significant
difference in the mean length of stay between segments one and three, since segment
three had a much higher proportion of admitted patients in comparison to segment
one. In actuality, the difference between mean length of stay for all patients in
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segments one and three was not significant (P=0.52), so the variation in discharge to
admit ratios between groups was unlikely to have played an important role in the
results obtained.
One possible objection to the conclusions drawn are that the results might be
explained by Hawthorne effect. This is a type of observation bias in which awareness
of being observed alters the way in which a person acts or performs. The effect is
most pronounced when there is a perceived demand for performance in those being
observed24.
It is possible that the presence of an additional individual recording data on
patient management may have resulted in greater efficiency by the ED staff. Data for
all three cohorts were collected in the presence of the unit secretary, whose normal job
includes manually tracking triage time, registration time, clinical start time, admission
time, bed-assigned time, and ED exit time for all patients. These data are collected
and expressly used to prepare posted monthly “performance” reports comparing, for
example, the average length of stay obtained by each attending physician relative to
that of his or her colleagues. During the intervention segment, a medical student
observer was used to record any event data not automatically captured by the software
and to otherwise ensure the accuracy of the display. In order for Hawthorne effect to
significantly skew the results, the observations of the additional detail displayed would
need to overwhelm the likely considerable impact on ED efficiency of the unit
secretary’s observations, which, most importantly, were also ongoing during the two
control segments.
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One way to control for this possibility would be to conduct an additional study
which measured waiting times in the presence of an identical computer monitor but
which instead displayed irrelevant data in the status and waiting time columns. For
logistical reasons, that study was not done. Nonetheless, one might still argue that the
mere presence of a new computer monitor in the ED will increase efficiency whether it
displays waiting times and alerts or not. However, this seems unlikely since there are
already numerous (5) other computer displays in the same section of the ED and
computers in general are quite commonplace in this hospital complex.
Another point to consider is the limited ability of computer screens to
command attention in the same manner as larger display devices. The monitor
employed in this study had a viewable surface area of 1.18 square feet. This cannot
convey information over the same distance nor with the same volume and impact as a
24 square foot dry-erase board. One site-specific solution to this problem would be to
load the software on to the existing hospital network, thereby allowing wider data
dissemination using multiple dispersed ED workstations. In any case, the observed
reductions of length of stay might have been even larger had a display comparable in
size to the existing board been available.
A summary of the frequency and extent to which alert times were being
exceeded was not displayed while the study was in progress. The time until an alert
for any particular process (e g., considering a lab result overdue after an alert time set
at 60 minutes) is somewhat arbitrary and at least initially, needs to be adjusted to the
prevailing patient transit time so as to avoid continuous highlighting of the entire board
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in red or conversely, never indicating an alert. Attention to this component of the ED
visit may very well improve patient transit; however, to focus on the identification of
outliers in such a manner would be to employ a tool common in quality assurance
systems but inconsistent with CQI principles. CQI accepts such outliers as statistically
inevitable given any distribution. An appropriate use of the alert time settings might
possibly be as a long term indicator of the effectiveness of multiple process changes.
As each change reduced the process duration, the alert time setting would be ratcheted
down to reflect the new normal range. A downward trend in the average alert time
per process would, over many years, be one indicator of a successful CQI program.
Alert times were de-emphasized during the intervention segment for another
reason: There are a large number of off-line reports which can be generated from the
data collected, however, the study attempted to focus only on the real-time aspects of
patient flow. For example, a proper study of alert times exceeded would focus on
process durations and, in order to be meaningful, would need to be analyzed by timeof-day, day-of-week, ED patient load, hospital census, services consulted, attending
MD, treating MD, patient disposition as well as process duration as a percent of total
length of stay. Thus, while it would have been possible to display many additional
calculated data items — current ED census, predicted ED exit time, current waiting
time to obtain x-ray results, number of alerts,etc were among those considered — the
study sought as much as possible to isolate the essential minimum display elements
required to provide the feedback necessary to reduce length of stay, i.e., status and
waiting time. It was also important to keep the display uncluttered to promote rapid
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comprehension and usability. Display of more data categories would have increased
uncertainty regarding which of these data were actually responsible for the observed
effects.

Implications for Emergency Care and CQI efforts
The data collection system tested in this study has potential to help smooth the
transformation to the CQI model for those institutions so inclined. Waiting until all
elements are in place before a successful transition to CQI philosophies could result in
indefinite waiting. Data, however, is dispassionate, apolitical, and non-judgmental,
and can be highly persuasive when starting directions are sought.
In general, proactive management of ED patient flow has been hampered by
lack of data. Emergency department managers who are contemplating implementation
of a patient tracking system now have four powerful arguments in favor of such a
decision: 1) that length of stay and waiting times may decrease, 2) that costs of care
may decrease.21, 3) that quality of care may improve, and 4) that patient satisfaction
may increase. While dwindling reimbursements and shortages of inpatient beds are
traditionally denounced as relentless delayers of patient flow, this study has shown
that there exists at least one method by which ED staff can directly exercise some
control over patient waiting times.

In summary, this study reduced overall length of stay for emergency
department patients by employing the CQI concepts of process flow modeling, real-
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time data collection and analysis, and continuous feedback of performance measures.
Specifically, ED patient flow was categorized into 64 major processes, then elapsed
time data regarding process durations were continuously recalculated from an on-line
software repository of pending processes, and finally the resultant waiting times were
displayed and made available so as to provide continuous feedback on patient flow to
the staffmembers caring for their patients. Consequently, a measurable and significant
improvement in one indicator of quality of care was attained.
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Appendix
Description of software developed for this study

The software was developed by the author of this thesis because the existing
manual data collection method provided limited data which was untimely, of
insufficient detail, prone to inaccuracy, and difficult to analyze. Existing patient
tracking systems were deemed unsuitable given the requirements of the study. In
addition, the software more closely approximated actual patient flow in that multiple
processes could be tracked simultaneously. Furthermore, the user interface was
customizable so as to be able to mimic the “look and feel” of most manual patient
tracking devices (i.e. a dry-erase board in this case). The purpose therein was to
provide a familiar metaphor for the dry-erase board without which both staff
acceptance and comprehension of the display would be poor.
The software was designed and developed with the following specific goals:
•

To create a tool easily customized to work in any ED and which would be
attractive to ED managers wishing to improve quality of patient care without
incurring excessive costs for specialized hardware.

•

To design a patient tracking system which addressed the deficiencies of existing
products as discussed in the introduction.

•

To promote and encourage the introduction of CQI methodologies in an ED by
providing an infrastructure for the collection and analysis of process-oriented data.

To implement a patient tracking system that uses the proposed nationwide
standard for a uniform emergency department data set as put forth by the Planning
Group for the National Workshop on Emergency Department Data.

To study the implementation of a patient tracking system with regard to user
acceptance, cost, ease-of-setup, and compatibility with existing user interfaces.

To facilitate faculty investigators’ research efforts in the ED by creating a
centralized repository of study-specific patient selection criteria which
automatically alerts staff to patients who potentially meet those criteria.

To establish the feasibility of distributing and collecting bulk, standardized-format,
ED clinical data between participating research centers for the purpose of
conducting large-scale studies.

Technical details/features:
Implemented to function on any Windows-compatible microcomputer. Hardware
used for this study was equipped with a 90mHz Intel Pentium processor with
16MB RAM and a 20” color monitor operating at 1024x768 pixel resolution.
Designed so as to minimize the number of user actions needed for any interaction
and reduce operator error. For example, status changes are accomplished with
three mouse clicks and no keystrokes. Similarly, patient location changes and
discharges were accomplished using visually intuitive drag-and-drop motions. A

technique to simulate screen-backlighting was used to draw attention to the
display.
Menu areas included a User help module, Study protocol module. Reporting
Module, as well as a Patient inquiry utility to lookup prior ED patient visits and
dispositions.
Database created using a Microsoft Access compatible file format. Four interindexed tables stored current patient data, an event log, historical visit data and
staffmember information. Database was designed to provide for data preservation
following crash and/or cold reboot. Patient discharge screen included intelligent
lookup of 11,485 ICD9 codes to assist in assignment of more accurate discharge
diagnoses.
Software included a local area network interface to allow multiple client
workstations displaying multiple patient locations using a single datasource with
record sharing, clock synchronization (for timestamp uniformity), and automatic
data fetch/refresh.

Sample Process Flow Diagram
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Table 1.

Major Processes / Statuses Tracked:
General processes
Awaiting Initial RN Eval

Awaiting Triage

Awaiting Available ED Bed

Awaiting Initial MD Eval

Awaiting RN Procedure

Awaiting MD Procedure

Awaiting Lab Results

Awaiting X-Ray Results

Awaiting CT Scan Results

Awaiting Ultrasound Results

Awaiting Nuclear Scan results

Awaiting MD re-eval

Observe for 30 minutes

Observe for 1 hour

Observe for 2 hours

Awaiting Medicine Consult

Awaiting Renal Consult

Awaiting Neuro Consult

Awaiting Cardiology Consult

Awaiting OB/GYN Consult

Awaiting Nerosurg Consult

Awaiting Surgery Consult

Awaiting ENT Consult

Awaiting Pedi Surg Consult

Awaiting Vase Surg Consult

Awaiting CT Surg Consult

Awaiting Ortho Consult

Awaiting Plastics Consult

Awaiting Dental Consult

Awaiting GI Consult

Discharged - Transferred

Discharged - AMA

Admitted to ?

Admitted to OR

Admitted to L&D

Admitted to MICU

Admitted to PICU

Admitted to SICU

Admitted to NICU

Admitted to NBSCU

Admitted to CCU

Admitted to 8-One

Admitted to 9W

Admitted to 10 W

Admitted to 4-7

Admitted to 5-1

Admitted to 5-2

Admitted to 5-3

Admitted to 5-4

Admitted to 5-5

Admitted to 5-7

Admitted to 6-2

Admitted to 6-3

Admitted to 6-4

Admitted to 6-5

Admitted to 6-7

Admitted to 7-5

Admitted to 7-7

Admitted to 9-5

Observe for 3 hours
Consult processes

Awaiting ID Consult
Discharge processes
Discharged
Deceased
Admission Processes

Admitted to 9-7
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